
Technical Document 1241

February 1988

Laser Dye Synthesis -
Group F Compounds

E. J. Grubbs

San Diego State University Foundation
San Diego State University

,t 
STArev

7

Approved for public release: The views and conclusions contained In this
distribution Is unlimited. report are those of the authors and should

not be Interpreted as representing the official
policies, either expressed or Implied, of the
Naval Ocean Systems Center or the U.S.
Government.



NAVAL OCEAN SYSTEMS CENTER
San Diego, California 92152-5000

E. G. SCHWEIZER. CAPT. USN R. M. HILLYER
Commander Technical Director

ADMINISTRATIVE INFORMATION

This report was prepared by the San Diego State University Foundation for Code 521 of the Naval
Ocean Systems Center.

Released by Under authority of
E. Lindner, Head S. Yamamoto. Head
Chemistry/Biochemistry Branch Environmental Sciences

Division

JJ



UNCLASSIFIED
SECURIT'Y CLASSIFICATION OF 'H4IS PAGE

REPORT DOCUMENTATION PAGE
La. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS

UNCLASSI FIED__________________________
2a. SECURITY CLASSIFICATION A,:' CRITy 3 DISTRIBUTION/AVAILABILI-Y OF REPORT

2t). DEC LASS 7CAON DOWNGR AD ING SCHEDULE Approved for public release. distribution is unlimited.

4 nERFCRMjNG ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT' NUIMBEP S
NOSC TD 1241

6a. NAME CFI OERFORMING ORGANIZATION b, OFFiCE 7B a 'JAME OF MONITORING ORGANIZATON

San Di.!go State University Foundation 7 SDSU Naval Ocean Systems Center
6C ADDRESS Ctv31~Ma&mZ3PCW#, 7b ADDRE SS CI. Sim aaZIP Cmi

San Dicgo State Lniverstty
;1S8 College Askenue
San Diego, CA 9'18 San Diego, California 921 52-50100

Sa NAME OF uNOING,SPONSORING ORGANtZATIN Bb OFFICE SYMBOL g PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

Office of Na~al Research 7 ONR N66001-85-D-0203
aC ADDRESS (C*,iAw'eZIPaw 10 SOURCE OF FUNDING NUMBERS

PROGRAM ELEMENT NO, PROjECT NC- -ASK NO AEC
ACCE SON .,O

SGO North Quincy Street
Arlington. VA 2217-5000 611t5,N C16 RR0110rn I-Nn Iii

m~kum3dcur*CasdcwwI

Laser Dye Syn~hes's - Group F Compound

*2 PERSONAL A,'7ORISI

E.J Grubbs

13a -VPIE OP REPORT 13b. TIME COVERED 14. DATE OF REPORT 1YerA onnii. D., 15 PAGE COUNT

Final FROM Mar 198'70T Jul 1987 Fera 1981
*6 SUPPLEME".JAa, NOTATION

?7 CCSAT! :OZES t8. SUBJECT TERMS (saIwsssye4~ssme

;:EDGROUP SIJB-GROUP auxochromic groups
laser dyes
coplanarity

Ideprotonation
bromination

19 ABSTRACT C'.1fon rme i necesswy a- deify W Ik number)

This report describes progress toward the syntheses of new potential laser dyes. It is anticipated that new substrates will allow
upscaling of flashlamp-pumped dye lasers to higher energies. The criteria for assessment of these dyes include (a) the extent to which ihe
show a lower laser action threshold, (b) their operational efficiencies, and (c) their photochemical stabilities compared with laser dyes
previously evaluated.

in pnnctple high optical quality and convenient cooling are obtainable using a flow system. Also, costs should be relatively small
compared wtth those for solid-state lasers if reasonably short, high-yield synthetic routes can he found.

20 DISTRIBUTIONAVAILABILIT' OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION

Q UNCLASSIFIED/UNLIMITED E] SAME AS RPT E DTIC USERS UNCLASSIFIED
22&. NAME OF RESPONSIBLE PERSON 22b. TELEPHONE ImkAe.Cod~i 22c OFFICE S'.MBOL

T. Pavlopoulos 619-553-2792 Code 521

DD FORM 1473, 84 JAN 83 APR EDITION MAY BE USED UNTIL EXHAUSTED i v
T Ncy..\ssirIED

ALL TH~nrfN'rLC JS ~iSECURITY CLASSIFICATION OF THIS PAGE



UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (WtwE Dfl)

DD FORM 1473, 84 JAN UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (Wtwe Mnaf&lW)



This report describes progress toward the syntheses of new potential laser
dyes. It is anticipated that new substrates will allow upscaling of flashlamp-
pumped dye lasers to higher energies, The criteria for assessment of these
dyes include (a) the extent to which they show a lower laser action
threshold, (b) their operational efficiencies, and (c) their photochemical
stabilities compared with laser dyes previously evaluated. In principle, high
optical quality and convenient cooling are obtainable using a flow system.
Also, costs should be relatively small compared with those for solid state
lasers if reasonably short, high yield synthetic routes can be found.

Pavlopoulos has proposed that improvements in presently available laser
dyes may be realized by restricting chromophores and auxochromic groups
to coplanarity or near coplanarity. The desired result of imposing these
structural conditions is the reduction of intersystem crossing and thus
improvements in quantum fluorescence yields. The targeted compounds
described were designed to meet these objectives.

I. Derivatives of 9.9-Dimethylfluorene

An initial objective has been the functionalization of rotationally restricted
biphenyls to facilitate the construction of a number of benzoxazoles,
imidazopyridines, and extended stilbenes.

It has been found that under a variety of reaction conditions the C-9
hydrogens of fluorene are susceptible to either hydrogen atom abstraction or
deprotonation. Thus, in order to block this reactive position, fluorene was
dimethylated in 83% yield using the method of Bavin.1 The dimethylated

0CHLi 0
CH3 I

fluorene was then subjected to bromination using a procedure adapted from
Hallas. 2 The 2,7-dibromo-9,9-dimethylfluorene was obtained in 64% yield
following recrystallizations from ethanol. Dibromination is indicated by t'.e
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or2 OI BrO 0 Br
0 CHC13  co &r

equal IH nmr integrals for the methyl (8 2.3) and aromatic (8 8.2) protons.
The 2,7 bromine assignment is supported by simplicity of the 13C nmr
spectrum in which seven of the eight theoretically predicted absorptions are
observed. 3

Conversion of the dibromodimethylfluorene to the corresponding dialdehyde
was effected by metalation with &&. butyl lithium in cyclohexane followed
by treatment with N-formylpiperidine. The IH NMR of the dialdehyde shows

Br 0 Br 0 1-i Li Li

OHC Q Q CHO -,,_N-COO

the expected aldehyde absorption at S 10. 1 as well as aromatic and methyl
proton signals with equal intensities. The mass spectrum shows the
molecular ion at (m/z - 250). The dialdehyde was also prepared in lower
yield by an alternate procedure4 starting with the diacid (the synthesis of
which is described later in this report).

cJ\ *,d113
I) CN cI-

H02C C02H H CH3  OHC 0 CHO

2) LiAI(O-tBu)3 H
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The 2,7-diacetylderivative of 9,9-dimethyifluorene was prepared in 54%
yield. This electrophilic substitution appears to be considerably less

0 0
(CH3 CO)20 II II

AO AIC 3  CH3 C.- CC1 3

(,i equiv.)

regioselective than the bromination. The 2,7-diacetyl derivative is
accompanied by approximately 10% of a second isomer (most likely the 2,6
isomer) which is not easily separated. Monoacetylation of 9,9-
dimethylfluoreie was effected by use of 2 rather than 4 equivalents of
aluminum chloride in the presence of an excess of acetic anhydride.

The conversion of diacetyl 9,9-dimethylfluorene to 9,9-dimethylfluorene
2,2-dicarboxylic acid (32% yield) was achieved using an aqueous solution of
sodium hypobromite.

0 01 I Br2 ,NaOH
CH3C COi3  H HO2C COH

Studies are currently in progress directed towards conversions of the
aldehyde and acid groups in these substrates to extended stilbenes (A),
imidazopyridines (B) and benzoxazoles (C).

HI

ArCH-C(Z)C6H5 >- Ar cj >- Ar

A B C

11. Synthetic approaches to Rotationally Restricted Terphenyls.

Hart 5 has described a novel route to a variety of U-terphenyls involving the
multistep reactions of aryl Grignard Reagents with 1,4-dibromo-2,5-
iodobenzene. We have begun a study using this coupling strategy to prepare
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ArM&W + Ar Ar AJ Ar
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precursors of tetrahydro 1.2-benzchrysene derivatives of the following type

Z

y Y

Z

Our results can be summarized as follows. Phenylmagnesium bromide was
allowed to react with dibromodiodo benzene generating the assumed
terphenyl di-Grignard intermediate which was then treated with N-formyl
piperidine to generate the dialdehyde.

Br~tg

6 H5 MgBr + C6 H2 Br2 12 -

OHC

CHO CN-CHtO

The dialdehyde was separated from unreacted starting materials and side
products by a combination of chromatography and crystallization. The
purified product was obtained in 19% yield. A major side product was
identified as 2,5-dibromo-4-iodobenzadehyde. The IH NMR spectrum of the
dialdehyde shows the expected two-proton aldehyde resonance at 8 10. 1 as
well as a two-proton aromatic singlet at 8 8.1 attributable to the central ring

4



hydrogens, and a ten-proton multiplet at 6 7.5 resulting from the terminal
rings. The mass spectrum reveals the molecular ion (also parent ion) at m/z
- 286.

Reaction of the dialdehyde with triethylphosphonopropionate in the
presence of n-butyl lithium generated the bi unsaturated ester in 66% yield.

0 C3 C 2 C2H5

(C2H5 0)2 P-CHCO02C2 H3~

CHO BU.H0
C2H502C

The final step in this reaction sequence will be a double photocyclization

followed by m situ 1,5-sigmatropic hydrogen shifts as shown:

C02 R C02R

I -

0

13 CO2 L 3 C02R

CH3 c 2

C02R

Similar photochemical cyclizations of other phenylstyrene derivatives are
well documented. 6
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